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Abstract
We give predictions for the branching ratios of several rare radiative B-decays which proceed only through weak
annihilation mechanism. In addition to previous analysis we estimate the branching ratios of ¯B0s → D∗0γ and B−c →
ρ−γ decays and obtain 2.87 · 10−9 and 2.59 · 10−7 for them correspondingly. The accuracy of the predictions is at the
level of 20%.
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1. Introduction
The investigation of rare B decays forbidden at the
tree level in the Standard Model provides the possibility
to probe the electroweak sector at large mass scales. In-
teresting information about the structure of the theory is
contained in the Wilson coefficients entering the effec-
tive Hamiltonian which take different values in different
theories with testable consequences in rare B decays.
There is an interesting class of rare radiative B-decays
which proceed merely through the weak annihilation
mechanism. These processes have very small probabili-
ties and have not been observed. So far, only upper lim-
its on the branching ratios of these decays have been ob-
tained: In 2004, the BaBar Collaboration provided the
upper limit B(B0 → J/ψγ) < 1.6 · 10−6 [1]. Last year,
the LHCb Collaboration reached the same sensitivity to
the B0-decay and set the limit on the B0s decay: B(B0 →
J/ψγ) < 1.7 · 10−6 and B(B0s → J/ψγ) < 7.4 · 10−6 at
90% CL [2]. Obviously, with the increasing statistics,
the prospects to improve the limits on the branching ra-
tios by one order of magnitude or eventually to observe
these decays in the near future seem very favorable.
In this paper we consider more annihilation type de-
cays in addition to our recent work [3]. The paper is
organized as follows: In Section 2 the effective weak
Hamiltonian and the structure of the amplitude are re-
called. In Section 3 we consider the photon emission
from the B-loop and present the B → γ transition form
factors within the relativistic dispersion approach based
on constituent quark picture. Section 4 contains the
analysis of the V → γ transition form factors. Finally,
in Section 5 the numerical estimates are given.
2. The effective Hamiltonian, the amplitude, and the
decay rate
We consider the weak annihilation radiative B → Vγ
transition, where V is the vector meson. The corre-
sponding amplitude is given by the matrix element of
the effective Hamiltonian [4]
A(B → Vγ) = 〈γ(q1)V(q2)|Heff |B(p)〉, (1)
where p is the B momentum, q2 is the vector-meson mo-
mentum, and q1 is the photon momentum, p = q1 + q2,
q21 = 0, q22 = M2V , p2 = M2B. The effective weak Hamil-
tonian of the transition has the form (we provide in this
Section formulas for the effective Hamiltonian with the
flavor structure ¯dc u¯b, but all other decays of interest
may be easily described by an obvious replacement of
the quark flavors and the corresponding CKM factors
ξCKM):
Heff = −GF√
2
ξCKM
(
C1(µ)O1 +C2(µ)O2
)
, (2)
GF is the Fermi constant, ξCKM = V∗cdVub, C1,2(µ) are the
scale-dependent Wilson coefficients [4], and we only
show the relevant four-quark operators
O1 = ¯dαγν(1 − γ5)cα u¯βγν(1 − γ5)bβ,
O2 = ¯dαγν(1 − γ5)cβ u¯βγν(1 − γ5)bα. (3)
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We use notations e =
√
4παem, γ5 = iγ0γ1γ2γ3, σµν =
i
[
γµ, γν
]
/2, ǫ0123 = −1 and Sp
(
γ5γµγνγαγβ
)
= 4iǫµναβ.
It is convenient to parameterize the amplitude in the fol-
lowing way
A =
eGF√
2
[
ǫq1ǫ∗1 q2ǫ
∗
2
FPC
+iǫ∗ν2 ǫ
∗µ
1
(
gνµ pq1 − pµq1ν
)
FPV
]
,
(4)
where FPC and FPV are the parity-conserving and parity-
violating invariant amplitudes, respectively. Here ǫ2(ǫ1)
is the vector-meson (photon) polarization vector. We
use the short-hand notation ǫabcd = ǫαβµνaαbβcµdν for
any 4-vectors a, b, c, d.
For the decay rate one finds
Γ(B → Vγ) = G
2
F αem
16 M
3
B
(
1 − M2V/M2B
)3
×
(
|FPC|2 + |FPV|2
)
.
(5)
Within the naive factorization approach the matrix ele-
ment of the amplitude can be simplified and the parity-
conserving and parity-violating parts of the amplitude
can be represented as follows [3]:
FPC = ξCKMaeff(µ)
[
FV
MB
fV MV + fBHP
]
, (6)
FPV = ξCKMaeff(µ)
[ FA
MB
fV MV + fBHS
−2QB fB fV MV
M2B − M2V
]
.
(7)
Summing up this Section, within the factorization ap-
proximation the weak annihilation amplitude may be
expressed in terms of four form factors: FA, FV , HP
and HS . It should be emphasized that each of the form
factors FA, FV , HP and HS actually depends on two
variables: The B-meson transition form factors FA, FV
depend on q21 and q22, and FA,V(q21, q22) should be evalu-
ated at q21 = 0 and q22 = M2V . The vector-meson transi-
tion form factors HP and HS depend on q21 and p
2
, and
HS ,P(q21, p2) should be evaluated at q21 = 0 and p2 = M2B.
3. Photon emission from the B-meson loop and the
form factors FA and FV .
In this section we calculate the form factors FA,V
within the relativistic quark model, which is a disper-
sion approach based on constituent quark picture. This
approach has been formulated in detail in [5] and ap-
plied to the weak decays of heavy mesons in [6].
The pseudoscalar meson in the initial state is de-
scribed in the dispersion approach by the following
vertex [7]: q¯1(k1) iγ5q(−k2) G(s)/
√
Nc, with G(s) =
φP(s)(s− M2P), s = (k1 + k2)2, k21 = m21 and k22 = m22. We
represent the pseudoscalar-meson wave function φP(s)
in the form φP(s) = f (s)w(k2), k2 = λ(s,m21,m2)/4s.
For w(k2) we use a simple Gaussian parametrization
w(k2) = A(β)e−k2/(2β2). For the concrete form of f (s)
and the normalization condition which gives A(β) see
[7]. The parameter β is extracted from the condition
fP =
√
Nc
∞∫
(m1+m2)2
dsφP(s)ρP(s), (8)
with
ρP(s) = (m1 + m2)
λ1/2(s,m21,m22)
8π2s
× s − (m1 − m2)
2
s
.
(9)
Here λ(a, b, c) = (a−b−c)2−4bc is the triangle function.
Recall that the form factors FA,V describe the transi-
tion of the B-meson to the photon with the momentum
q1, q21 = 0, induced by the axial-vector (vector) current
with the momentum q2, q22 = M
2
V . The form factors FA,V
are given by the diagrams of Fig 1 and 2.
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Figure 1: Diagrams for the form factor FA : a) F(b)A , b) F(u)A .
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Figure 2: Diagrams for the form factor FV : a) F(b)V , b) F(u)V .
3.1. The form factor FA
Let’s consider form factor FA first. Fig 1a shows F(b)A ,
the contribution to the form factor of the process when
the b quark interacts with the photon; Fig 1b describes
the contribution of the process when the quark u inter-
acts while b remains a spectator. It is convenient to
change the direction of the quark line in the loop dia-
gram of Fig 1b. This is done by performing the charge
2
conjugation of the matrix element and leads to a sign
change for the γνγ5 vertex. For the form factor we then
obtain the following expression:
FA = QbF(b)A − QuF(u)A , (10)
where F(b)A = F
(1)
A (mb,mu), F(u)A = F(1)A (mu,mb), and
1
MB
F(1)A (m1,m2) =
√
Nc
4π2
∞∫
(m1+m2)2
ds φB(s)
(s − M2V )
×
ρ+(s,m1,m2) + 2 m1 − m2
s − M2V
ρk2⊥ (s,m1,m2)
 ,
(11)
with
ρ+(s,m1,m2) = (m2 − m1)
λ1/2(s,m21,m22)
s
+m1 log
 s + m
2
1 − m22 + λ1/2(s,m21,m22)
s + m21 − m22 − λ1/2(s,m21,m22)
 ,
(12)
ρk2⊥ (s,m1,m2) =
s + m21 − m22
2s
λ1/2(s,m21,m22)
−m21 log
 s + m
2
1 − m22 + λ1/2(s,m21,m22)
s + m21 − m22 − λ1/2(s,m21,m22)
 .
(13)
Employing the fact that the wave function φB(s) is local-
ized near the threshold in the region
√
s−mb −mu ≤ ¯Λ,
it is easy to show that in the limit mb → ∞ the photon
emission from the light quark dominates over the emis-
sion from the heavy quark [8]
1
MB
F(u)A =
fB
¯Λmb
+ ...,
1
MB
F(b)A =
fB
m2b
+ ... (14)
3.2. The form factor FV
The consideration of the form factor FV is very sim-
ilar to the form factor FA. FV is determined by the two
diagrams shown in Fig 2: Fig 2a gives F(b)V , the contri-
bution of the process when the b quark interacts with the
photon; Fig 2b describes the contribution of the process
when the quark u interacts.
It is again convenient to change the direction of the
quark line in the loop diagram of Fig 2b by performing
the charge conjugation of the matrix element. For the
vector current γν in the vertex the sign does not change
(in contrast to the γνγ5 case considered above). The
calculation of FV within the dispersion approach gives
the following result:
FV = QbF(b)V + QuF(u)V , (15)
where F(b)V = F
(1)
V (mb,mu), F(u)V = F(1)V (mu,mb), and
1
MB
F(1)V (m1,m2) =
−
√
Nc
4π2
∞∫
(m1+m2)2
dsφB(s)
(s − M2V )
ρ+(s,m1,m2).
(16)
The function ρ+(s,m1,m2) is given in (12). In the heavy-
quark limit mb → ∞ one finds
1
MB
F(u)V = −
fB
¯Λmb
+ ..., (17)
1
MB
F(b)V = −
fB
m2b
+ ...
The dominant contribution in the heavy quark limit
again comes from the process when the light quark
emits the photon. As seen from Eqs. (14) and (17), one
finds FA = FV in the heavy quark limit, in agreement
with the large-energy effective theory [9].
4. Photon emission from the vector meson loop. The
form factors HS and HP.
We now calculate the form factors HP,S using the
relativistic quark model. The vector meson in the fi-
nal state is described in this approach by the vertex
q¯2(−k2)Γβq1(k′1), Γβ =
(
−γβ + (k
′
1−k2)β√
s+m1+m2
)
G(s)/√Nc,
with G(s) = φV (s)(s − M2V ), s = (k′1 + k2)2, k′21 = m21
and k22 = m
2
2. The vector meson wave function φV (s) has
the same structure and normalizing conditions as that of
the pseudoscalar meson described in Section 3. All the
details were given in [7]. For obtaining the parameter β
we use the following condition
fV =
√
Nc
∞∫
(m1+m2)2
dsφV (s)ρV (s), (18)
with
ρV (s) = 2
√
s + m1 + m2
3
λ1/2(s,m21,m22)
8π2s
× s − (m1 − m2)
2
s
.
(19)
The form factors HS and HP are given by the dia-
grams of Fig 3 and 4.
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Figure 3: Diagrams for the form factor HS : a) H(d)S , b) H
(c)
S .
d
γµ
d d
c βΓ γµ
d
cc
Γβγ5 µ
c c
Γβ
(m +m )γ
5γ5(m +m )
(+)=
(m +m )
a. b.
γ
dcc
c d
d
Figure 4: Diagrams for the form factor HP: a) H(d)P , b) H(u)P .
4.1. The form factor HS
Fig 1a shows H(d)S , the contribution to the form fac-
tor of the process when the d quark interacts with the
photon; Fig 3b describes the contribution of the process
when the quark u interacts while d remains spectator.
Changing the direction of the quark line in the loop di-
agram of Fig 3b, leads to a sign change for the scalar
current j = (mc −md) ¯dc in the vertex, and we derive the
following formula:
HS = QdH(d)S − QcH(c)S , (20)
with H(d)S = H
(1)
S (md,mc), H(c)S = H(1)S (mc,md),
H(1)S (m1,m2) =
√
Nc
4π2
∞∫
(m1+m2)2
ds φV(s)
(s − p2 − i0) (m2 − m1)
×
ρ+(s,m1,−m2) + 2
√
s
p2 − M2V
ρk2⊥ (s,m1,m2)
 ,
(21)
where ρ+(s,m1,m2) and ρk2⊥ (s,m1,m2) are determined
earlier in (12) and (13).
One can obtain the behaviour of the form factor in
the limit mQ → ∞ for the heavy-light vector meson ¯Qq
(and assuming p2 ∼ m2Q):
H(q)S ∝ fV/ ¯Λ, H(Q)S ∝ fV/mQ, (22)
but one expects a strong numerical suppression because
of the partial cancellation of the leading-order contribu-
tions.
4.2. The form factor HP
The form factor HP is determined by the two dia-
grams shown in Fig 4: Fig 4a gives H(d)P , the contri-
bution of the process when the d-quark interacts with
the photon; Fig 4b describes the contribution of the pro-
cess when the c-quark interacts. We again change the
direction of the quark line in the loop diagram of Fig
4b by performing the charge conjugation of the matrix
element. For the pseudoscalar current (mc + md) ¯dγ5c in
the vertex the sign does not change and we obtain:
HP = QdH(d)P + QcH(c)P , (23)
where H(d)P = H
(1)
P (md,mc), H(c)P = H(1)P (mc,md),
H(1)P (m1,m2) =
√
Nc
4π2
∞∫
(m1+m2)2
dsφV (s)
(s − p2 − i0)
×(m1 + m2)
(
ρ+(s,m1,m2) +
ρk2⊥√
s + m1 + m2
)
,
(24)
with ρ+(s,m1,m2) and ρk2⊥(s,m1,m2) given in (12) and
(13). For the behaviour of H(Q,q)P at large-mQ for the
heavy-light vector meson ¯Qq we get
H(q)P →
fV
¯Λ
m2Q
m2Q − p2
, H(Q)P →
fV mQ
m2Q − p2
. (25)
For the B-decays of interest, we need the value of
the form factors HP,S (p2, q21 = 0) at p2 = M2B, which
lies above the threshold (mc + mq)2. The spectral rep-
resentations for HP,S (p2 = M2B) develop the imaginary
parts which occur due to the quark-antiquark interme-
diate states in the p2-channel. It should be emphasized
that no anomalous cuts emerge if one consider the form
factors in the double spectral representation at q21 ≤ 0
[10]. In all cases considered in this paper, the value of
p2 = M2B lies far above the region of resonances which
occur in the quark-antiquark channel. Far above the res-
onance region, local quark-hadron duality works well
and the calculation of the imaginary part based on the
quark diagrams is trustable. The imaginary part turns
out to be orders of magnitude smaller than the real part
of the form factor and for the practical purpose of the
decay rate calculation may be safely neglected.
5. Numerical results
We have received the spectral representations of the
form factors and now can obtain numerical estimations
for the form factors and, finally, for the branching ratios.
5.1. Parameters of the model
We use here the following values of the constituent
quark masses:
md = mu = 0.23 GeV, ms = 0.35 GeV,
mc = 1.45 GeV, mb = 4.85 GeV.
(26)
4
With the quark masses (26) and the meson wave func-
tion parameters β quoted in Table 1, the decay constants
from the dispersion approach reproduce the well-known
decay constants of pseudoscalar and vector mesons also
summarized in Table 1.
Table 1: Meson masses from [16], leptonic decay constants, and the
corresponding wave function parameters β [11].
M, GeV f , MeV β, GeV
B 5.279 192 ± 8 [12] 0.565
Bs 5.370 226 ± 15 [12] 0.62
Bc 6.275 427 ± 6 [13] 0.94
D∗ 2.010 248 ± 2.5 [14] 0.48
D∗s 2.11 311 ± 9 [14] 0.54
J/ψ 3.097 405 ± 7 [15, 16] 0.68
ρ 0.775 209 ± 2 [16] 0.31
5.2. Predictions for the decay rates
Using the values given above we now obtain the esti-
mations for the branching ratios. We present results for
six weak annihilation rare radiative B-decays:
B( ¯B0s → J/ψγ) = 1.2 · 10−7
(
a2
0.15
)2
, (27)
B( ¯B0d → J/ψγ) = 5.5 · 10−9
(
a2
0.15
)2
, (28)
B( ¯B0d → D0∗γ) = 5.2 · 10−8
(
a2
0.15
)2
, (29)
B( ¯B0s → D0∗γ) = 2.9 · 10−9
(
a2
0.15
)2
, (30)
B(B− → D∗−s γ) = 2.1 · 10−7
(
a1
1.02
)2
, (31)
B(B−c → ρ−γ) = 2.6 · 10−7
(
a1
1.02
)2
. (32)
For the scale-dependent Wilson coefficients Ci(µ) and
a1,2(µ) at the renormalization scale µ ≃ 5 GeV we use
the following values [4]: C1 = 1.1, C2 = −0.241, a1 =
C1 +C2/Nc = 1.02, and a2 = C2 +C1/Nc = 0.15.
Conclusions
We obtained predictions for the branching ratios of
weak annihilation rare radiative B-decays. The calcu-
lations were done in the naive factorization approxi-
mation, taking into account both the photon emission
from the B-meson loop and the vector-meson loop (V-
loop). The form factors containing non-perturbative
QCD effects were calculated within the relativistic
quark model. In comparison to previous analysis we
obtained estimations for the decays ¯B0s → D∗0γ and
B−c → ρ−γ. The accuracy of the predictions is at the
level of 20%.
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